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????? x?????????????????? r (∈ [0, 1])?????????? g(r)
?????????????????????????????????????????
????????? δ (≥ 0)?????????? f(δ)??????? δ???????
?????????????????????????????G(r), F (δ)??????
g(r), f(δ)?????????r, δ ?????????
19
?????????????????????Q?
Q = xrδ (3.1)
??????????????? RVM???????Q′??????? RVM????
?? y, ??????????????????????? δ????
Q′ = yδ (3.2)
?????????????????????????????????????????








??????????? x???? r???????????? δ ??????????
??????????
E[π2|x, r, δ] =− (xrδ − q)(c1 − s1) (3.3)








[pz − (q − z)(p− s2)]h(z)dz
s.t. q ≤ xrδ (3.4)
?????????????? 1??????????????????????????
????????????????????????????????? c1??????






???????????????????????????? s2 (< p)????????
????????????????????????????
20
?????? q???? (3.3)?????????????? Ez[π2|x, r, δ]????
dE[π2|x, r, δ]
dq
=− s1 − c2 + p+ a (3.5)












q˜ for q˜ ≤ xrδ


















[pz − (q˜ − z)s2]h(z)dz (3.9)
E[π2(q








[pz − (xrδ − z)s2]h(z)dz (3.10)
























∗) | q˜ ≤ xrδ)]
dx
= −c1 + s1 (3.12)
d2E[π2(q





∗) | q˜ ≥ xrδ)]
dx









∗) | q˜ ≥ xrδ)]
dx2
=− (2p+ a− s2)rδh(xrδ) < 0 (3.15)







? y????????????????? q∗R???????????? x∗R??????
???????????? x???? r???????????? δ ?????????
???????????








[pz − (q − z)(p− s2)]h(z)dz (3.16)








?????? q?????(3.16)?????????????? E[πR2 |x, y, r, δ]????
dE[πR2 |x, y, r, δ]
dq
=− s1 − c2 + p+ a (3.18)




d2E[πR2 |x, y, r, δ]
dq2






q˜R for q˜R ≤ xrδ + yδ




















[pz − (q˜R − z)(p− s2)]h(z)dz (3.22)
E[πR2 (q
∗









[pz − ((xrδ + yδ)− z)
× (p− s2)]h(z)dz (3.23)
?????????????(3.22), (3.23)?? q˜R = xrδ+yδ??????????E[πR2 |x, y, r, δ]































???????????RVM????????? y, ?????????? z, ?????
?????? δ, ??? r?????RVM????????? V ??








????????????????????? x??????? r (∈ [0, 1])???????
??????????? δ (≥ 0)??????????????????????????
????? z (≥ 0)????????????? r????????????????? 0
???? 1????????????????????????????????????
?????????????? 0?? 1???????????????????????
































??????????? z?????????????????????????? 25 [?
t], ?? 25 [(? t)2]????????????????????????????????
?????????????????????????????????????????
?? 17, 21, 25, 29, 33 [? t]???? 11, 18, 25, 32, 39 [(? t?2]?? 5????????
???????????????????? r??0?? 1??????????????
??????? 0.50, ?? 0.06???????????????????????????
?????????????????????????????????????????
?? 0.20, 0.35, 0.50, 0.65, 0.80???? 0.02, 0.04, 0.06, 0.08, 0.10?? 5???????
???????????????? δ????????????????????????

















































???RVM????????? y??RVM????? 0 [? t], RVM??????? 3,
6, 9, 12, 15 [? t]??????????RVM?????????????????????









?????? 25? 2? 13????????? 1?PET???????????? [40]???
??????????????? c1? 45,000 [?/t]?????????? p? 97,000 [?/t]
??????????????????????? s1? 35,000 [?/t], ?????????





??????????? x? 1????????????????????????? 1
?????????????????????????????????????????
??????r???? 0.5??? 0.06?δ???? 1??? 0.04?z???? 25??? 25?
x = 56?y = 9????????? 100???1000???3000???6000??? 4???
????????????????? 50??????????????????? 95%?
99%?????????????????????
?100?? ?146.268 ? 0.261?95%??146.268 ? 0.348?99%?
?1000???146.224 ? 0.106?95%??146.224 ? 0.142?99%?
?3000???146.215 ? 0.014?95%??146.215 ? 0.018?99%?







































? 3.3: ??? z???????????
????? z????
y 17 21 25 29 33
0 35 46 56 68 78
3 27 38 49 60 71
6 20 31 41 52 63
9 13 23 34 45 55
12 7 16 27 37 48
15 2 10 20 30 40
? 3.4: ??? z??????????
????? z???
y 11 18 25 32 39
0 60 59 56 55 54
3 53 51 49 47 46
6 45 43 41 40 39
9 38 35 34 32 31
12 30 28 27 26 24
15 23 21 20 19 18
28
? 3.5: ??? z?????????
????? z????
y 17 21 25 29 33
0 36.4 91.2 146.2 201.6 256.9
3 69.9 125.4 181.0 236.4 292.0
6 100.9 158.2 214.6 270.7 326.4
9 126.5 188.3 246.7 303.7 360.2
12 143.5 213.6 276.1 335.2 392.7
15 150.5 231.8 301.2 364.0 423.5
? 3.6: ??? z????????
????? z???
y 11 18 25 32 39
0 213.4 176.4 146.2 120.2 97.0
3 248.5 211.4 181.0 154.7 131.3
6 282.8 245.3 214.6 188.1 164.3
9 315.8 277.8 246.7 219.7 195.5
12 346.7 307.9 276.1 248.3 223.5
15 374.2 334.2 301.2 272.4 246.5
? 3.7: ??? r???????????
????? r????
y 0.20 0.35 0.50 0.65 0.80
0 108 81 56 42 32
3 93 69 49 36 28
6 78 58 41 31 24
9 62 47 34 26 20
12 47 37 27 20 16
15 32 26 20 16 13
29
? 3.8: ??? r??????????
????? r???
y 0.02 0.04 0.06 0.08 0.10
0 57 57 56 54 52
3 49 49 49 47 45
6 42 42 41 40 38
9 34 34 34 33 31
12 27 27 27 26 24
15 21 20 20 19 18
? 3.9: ??? r?????????
????? r????
y 0.20 0.35 0.50 0.65 0.80
0 −262.8 24.5 146.2 204.1 234.9
3 −165.4 78.1 181.0 229.5 255.0
6 −68.5 130.9 214.6 253.9 274.1
9 27.4 182.2 246.7 276.7 291.8
12 120.7 230.5 276.1 297.1 307.3
15 206.4 273.3 301.2 314.0 320.2
? 3.10: ??? r????????
????? r???
y 0.02 0.04 0.06 0.08 0.10
0 269.8 206.3 146.2 89.3 36.0
3 283.6 231.2 181.0 133.2 88.1
6 296.4 254.9 214.6 176.0 139.4
9 308.0 277.0 246.7 217.3 189.3
12 318.0 297.0 276.1 255.7 236.2
15 326.1 313.6 301.2 289.1 277.4
30
? 3.11: ??????????? δ???????????
????? δ????
y 0.70 0.85 1.00 1.15 1.30
0 83 68 56 49 43
3 75 60 49 41 35
6 68 52 41 34 28
9 60 45 34 26 20
12 53 37 27 19 13
15 46 30 20 12 7
? 3.12: ??????????? δ??????????
????? δ???
y 0.010 0.025 0.040 0.055 0.070
0 56 56 56 58 58
3 48 49 49 49 50
6 40 41 41 42 43
9 32 33 34 35 35
12 25 26 27 28 28
15 17 19 20 21 21
? 3.13: ??????????? δ?????????
????? δ????
y 0.70 0.85 1.00 1.15 1.30
0 131.6 140.9 146.2 149.6 151.9
3 154.7 169.8 181.0 190.0 198.0
6 177.0 197.9 214.6 229.1 242.5
9 198.4 224.7 246.7 266.2 284.2
12 218.7 249.8 276.1 299.3 319.8
15 237.4 272.3 301.2 325.1 344.2
31
? 3.14: ??????????? δ????????
????? δ???
y 0.010 0.025 0.040 0.055 0.070
0 156.4 151.4 146.2 141.1 135.7
3 192.7 187.0 181.0 174.9 169.0
6 228.5 221.6 214.6 207.8 200.7
9 263.5 255.1 246.7 238.5 230.4
12 296.9 286.3 276.1 266.3 256.8
15 327.4 313.7 301.2 289.5 278.7
RVM?????????
RVM?V??????????V ??(3.25)??????????????????RVM
????????? y????????????? z???????????? 3.15–3.16?
??? r???????? 3.17–3.18???????????? δ???????? 3.19–3.20
????????????RVM????????? y????????????RVM?
????????????????????
???? 3.2???? r?????? 3.3???????????? δ?????? 3.4?





???? 3.5???? r????? 3.6???????????? δ????? 3.7??





? 3.15: ??? z?????RVM????????? V
????? z????
y 17 21 25 29 33
3 33.5 34.2 34.8 34.8 35.1
6 64.5 67.0 68.4 69.1 69.5
9 90.1 97.1 100.5 102.1 103.3
12 107.1 122.4 129.9 133.6 135.8
15 114.1 140.6 155.0 162.4 166.6
32
? 3.16: ??? z????RVM????????? V
????? z???
y 11 18 25 32 39
3 35.1 35.0 34.8 34.5 34.3
6 69.4 68.9 68.4 67.9 67.3
9 102.4 101.4 100.5 99.5 98.5
12 133.3 131.5 129.9 128.1 126.5
15 160.8 157.8 155.0 152.2 149.5
? 3.17: ??? r?????RVM????????? V
????? r????
y 0.20 0.35 0.50 0.65 0.80
3 97.4 53.6 34.8 25.4 20.1
6 194.3 106.4 68.4 49.8 39.2
9 290.2 157.7 100.5 72.6 56.9
12 383.5 206.0 129.9 93.0 72.4
15 469.2 248.8 155.0 109.9 85.3
? 3.18: ??? r????RVM????????? V
????? r???
y 0.02 0.04 0.06 0.08 0.10
3 13.8 24.9 34.8 43.9 52.1
6 26.6 48.6 68.4 86.7 103.4
9 38.2 70.7 100.5 128.0 153.3
12 48.2 90.7 129.9 166.4 200.2
15 56.3 107.3 155.0 199.8 241.4
? 3.19: ??????????? δ?????RVM????????? V
????? δ????
y 0.70 0.85 1.00 1.15 1.30
3 23.1 28.9 34.8 40.4 46.1
6 45.4 57.0 68.5 79.5 90.6
9 66.8 83.8 100.5 116.6 132.3
12 87.1 108.9 129.9 149.7 167.9
15 105.8 131.4 155.0 175.5 192.3
33
? 3.20: ??????????? δ????RVM????????? V
????? δ???
y 0.010 0.025 0.040 0.055 0.070
3 36.3 35.6 34.8 33.8 33.3
6 72.1 70.2 68.5 66.7 65.0
9 107.1 103.7 100.5 97.4 94.7
12 140.5 134.9 129.9 125.2 121.1



































































































































































? 3.7: ??? z????RVM????????? (V )
RVM????????? (y)?????? (V )??????






























? 3.22???????????? 25[? t]?RVM?????????? 9[? t]????
??????? r???????????????????????????? r????
0.02???? 382 [???]???? r???? 0.06???? 1,005 [???]???? r??
?? 0.10???? 1,533 [???]??????????????????????????
????????????????????RVM??????????????? t??
??????????4,244 [?/t]?11,167 [?/t]?17,033 [?/t]????????????
???????????????? 45,000 [?/t]??????? r???? 0.02?????
?????? 9????? r???? 0.10??????????? 38?????????
































































































































































































































































































































































































































































TSσ,μ = Nc ·BPσ,μ · S · (1−DC) (4.4)
??? S ????????????????????????????????????
????????????????????? U1,σ,μ???????????????
U1,σ,μ = NS · TSσ,μ · PP −DC
1−DC − (1−NS) · TSσ,μ ·
DC

















NR = TP ·A
M
 (4.7)

























































































































































































































??????????????? μ = 1, · · ·, 4?1???2???3???4?????????









RVM???????????????????RVM?????M : 25, 000(?/???)?
???????? a1 : 4.5(?/?)??????? a2 : 3(?/?)?RVM?????????
? a3 : 30, 000(?/???)??????????RVM????????????????
??? 1????????????????????%????????????????
???? PM ??????????????? 100?? 500?????????????
????????????? (%?)????????????????????????
????????????????50(?)????????RVM???????????
?????????????A : 150, 000(?/?)?????????
? 4.2: ??????????????????????lσ,μ?mσ,μ?nσ,μ?
?????? σ ??? μ lσ,μ mσ,μ nσ,μ
1:? 1:? -0.12 0.08 98.10
1:? 2:? 1.05 0.09 87.35
1:? 3:? 2.65 0.06 26.29
1:? 4:?? 1.76 0.07 62.83
2:? 1:? 1.34 0.08 75.71
2:? 2:? 2.00 0.09 54.22
2:? 3:? 1.78 0.01 87.24
2:? 4:?? 1.75 0.05 46.46
?????? RVM??????????????????????????????
???????????2002? 12? 25??? 27??????????????????
???? 426???????????????????????
RVM?????? TP ?????????? [20]??????




???????????? α = 100.00, β = 6.70, δ = 1.85, γ = 24.56????
???????????????????????????? [18]???
BPσ,μ = nσ,μ · exp(−exp(lσ,μ −mσ,μ ·DC)) (4.9)
???????????? lσ,μ,mσ,μ, nσ,μ??? 4.2????
4.4.3 ??
??????????????????????? S? 5,000??10,000??20,000??





?????????????????? μ??1????2???? 2????????? σ
??1???????????????
?????? μ?1??????
???????μ?1????????? 4.4?? 4.5?? 4.6????S? 5,000??10,000
??20,000??????????????????? 4.7?? 4.8???????????
????? PP ? 10%?30%?? 4.9?? 4.10????????????????????
?NS? 70%?90%???????????????






















































































































































    
 ¡
¢£¤¥¦§¨©ª«¬­®¯° ±²³















































































































































































































































































    
 ¡
¢£¤¥¦§¨©ª«¬­®¯° ±²³






































































































































    
 ¡
¢£¤¥¦§¨©ª«¬­®¯° ±²³






































































































































    
 ¡
¢£¤¥¦§¨©ª«¬­®¯° ±²³


















































































































































































































































































? 4.10: ???? (S = 10, 000, PP = 20%, NS = 90%)??????? μ?1???
?????? μ?2??????
??????? μ?2????????? 4.11?? 4.12???? S ? 10,000??20,000
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